cardiovascular, and inflammation [4] . Kaempferol [5] [6] [7] [8] [9] [10] . Various flavonoids such as genistein, quercetin, daidzein, flavone, isorhamnetin, naringenin, and pelargonidin from fruits, herbs, and spices have been found to possess important activity on the inflammatory process in vitro and in vivo [11] . However, little is known about the antiinflammatory effects of flavonoids from the C. oleifera seeds.
In this study, total flavonoids were prepared from the 80% ethanol extract of C. oleifera seeds by semi-preparative HPLC (Waters, Milford, USA), and the composition was characterized by UPLC-UV-MS (Waters) analysis. The antiinflammatory activity of total flavonoids was evaluated by NO inhibitory assay in RAW 264.7 cells. Moreover, the effects of total flavonoids on the mRNA and protein expression levels of pro-inflammatory enzymes and cytokines including inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), tumor necrosis factor-a (TNF-a), and macrophage inflammatory protein-1a (MIP-1a) were determined by quantitative real-time-polymerase chain reaction (qRT-PCR) and western blot analysis, respectively.
Four compounds (1-4) were detected in total flavonoid fraction of C. oleifera seeds by UPLC-UV-MS, and numbered corresponding to their order of elution ( Supplementary  Fig. S1 ). Quasi-molecular ions [M2H]
2 for compounds 1-4 were observed at 755.19, 739.12, 725.19, and 593.17 in negative ion mode, respectively ( Supplementary Fig. S2 ).
The fragment ions at m/z 285 suggested that the aglycone was kaempferol. These results were consistent with the previous reports [5] [6] [7] [8] 10] , and the four compounds were identified as
. The structures of the four compounds are shown in Supplementary Fig. S3 . The UPLC chromatogram showed that the percent composition of compounds 1-4 was 37.84%, 3.13%, 53.43%, and 4.19%, respectively, and the total percentage was 98.59%. This result indicated that the four kaempferol glycosides were the major flavonoids in C. oleifera seeds. Although several studies on the isolation and identification of flavonoids from the seed cake or seeds of C. oleifera have been previously carried out [5] [6] [7] [8] [9] [10] , this work for the first time reported a quick method for the UPLC-UV-MS analysis of flavonoids in C. oleifera seeds, which took only 10 min.
The anti-inflammatory activity of total flavonoids was determined in mouse macrophage-like cell line RAW 264.7. As shown in Fig. 1 , lipopolysaccharide (LPS) treatment (100 ng/ml) obviously increased the amount of NO in RAW 264.7 cells. Total flavonoids significantly inhibited NO production in a concentration-dependent manner (P , 0.05). The Cells were incubated with different concentrations of total flavonoids (0-200 mg/ml) for 2 h, and then co-treated with LPS (100 ng/ml) for 24 h. Cells treated without LPS and with vehicle (DMSO) were used as negative controls, and cells incubated with LPS and DMSO were used as positive controls. GAPDH mRNA levels were quantified in each sample and were used as a normalization control. Relative mRNA expression was calculated by the mean value with the comparative Ct method (DDCt). Data were represented as the mean + SD from three independent experiments. *P , 0.05 vs. control.
Anti-inflammatory activity of flavonoids from Camellia seeds NO production with the sample treatment (50-200 mg/ml) ranged from 65.85% to 8.54% compared with the control group. The IC 50 value of the tested sample for NO production was estimated to be 87 mg/ml. MTT assay demonstrated that the total flavonoids have no significant inhibitory effect on RAW 264.7 cell survival up to 200 mg/ml ( Supplementary  Fig. S4 ), indicating that NO inhibitory activity was not due to the cytotoxic effect of samples.
The mRNA expression levels of iNOS, COX-2, TNF-a, and MIP-1a were determined by qRT-PCR using primers shown in Supplementary Table S1 . As shown in Fig. 2 , LPS significantly increased the mRNA levels of these genes, and total flavonoids remarkably reversed their overexpression in a dose-dependent manner (P , 0.05). This result indicated that total flavonoids of C. oleifera exerted antiinflammatory effect by down-regulating the expression of iNOS, COX-2, TNF-a, and MIP-1a.
The effect of total flavonoids of C. oleifera seeds on the protein expression of iNOS and COX-2 was assessed by western blot analysis. As shown in Fig. 3 , protein levels of iNOS and COX-2 were reduced in a dose-dependent manner, which confirmed the inhibitory effect of total flavonoids on the expression of iNOS and COX-2 in LPS-induced RAW 264.7 cells.
Excessive inflammation is considered to be a critical factor in many human diseases and conditions, including obesity, cardiovascular diseases, neurodegenerative diseases, diabetes, aging, and cancer. Numerous molecules are involved in the induction and maintenance of the inflammatory response [12] . Natural anti-inflammatory compounds have been used to mediate the inflammatory process and often have little side effect [13] .
This study demonstrated that the four kaempferol glycosides were the major flavonoids in C. oleifera seeds. The total flavonoids of C. oleifera seeds exhibited excellent antiinflammatory activity in suppressing NO production in LPS-stimulated macrophages. This activity might attribute to the regulations of pro-inflammatory enzymes and cytokines including iNOS, COX-2, TNF-a, and MIP-1a. Thus the flavonoids in C. oleifera seeds may have the potential to treat inflammation and related diseases. However, further studies are needed to purify each compound and investigate their effect on the inflammatory signaling pathways in vitro and in vivo.
Supplementary Data
Supplementary data are available at ABBS online. Figure 3 . Total flavonoids of C. oleifera seeds reduce the protein over-expression of iNOS and COX-2 in LPS-stimulated RAW264.7 cells determined by western blot analysis Cells were incubated with different concentrations of total flavonoids (0 -200 mg/ml) for 2 h, and then co-treated with LPS (100 ng/ml) for 24 h. Cells treated without LPS and with vehicle (DMSO) were used as negative controls, and cells incubated with LPS and DMSO were used as positive controls. GAPDH was used as an internal control.
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